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ABSTRACT 

An efficient in vitro regeneration protocol was developed Phyllodium pulchellum (L.) Desv. A threatened 
medicinal plant. The plants were regeneration from shoot tip and nodal explants. The highest number of shoots per 
explant was obtained on the medium supplemented with 1.5 mg/I BAP + IAA 0.5 mg/l from shoot tip explants 
(4.30+0.40) and nodal explants (4.06+0.31). The elongated shoots were successfully rooted on MS with NAA (a- 
naphthalene acetic acid) or IBA; 0.75 mg/l of NAA provided better response for rhizogenesis among them. For 
regenerated shoots rooting, MS medium supplemented with 0.75 mg/l NAA (a- naphthalene acetic acid) teas most 
effective with maximum number (4.50±0.36 roots per plantlet) and length (2.76+0.15 cm per root) of roots respectively. 
Regenerated plantlets were successfully transferred into pots with soil and over 90% of them grew into healthy mature 
plants. This is the first report of direct organogenesis in P. Pulchellum with significantly high plantlet regeneration 
frequency. 
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INTRODUCTION 

Phyllodium pulchellum (L.) Desv. (Desmodium pulchellum (L.) Benth.) is commonly known as Tamil - 
Vellalothi. It is a Subshrub 1(3) m; branchlets downy- pubescent to tomentose. Leaves 3-foliolate, to 15 m; leaflets 
ovate or elliptic-oblong, laterals less than half as long as the terminal, in equilateral, thin-coriaceous, appressed- 
pubescent above, tomentose below, base subacute, margin wavy, apex obtuse-acute; Racemes to 20 cm; Stamens 
monadelphous; vexillary one free above middle. Overy 2 mm, pubescent; seeds ellipsoid or orbicular, 2 mm. 
Traditionally, decoction of dried leaves of Desmodium pulchellum is used in cold fever, malaria, enlargement of 
liver and spleen, rheumatism bone pains and swelling due to contusion or sprain. Decoction of charred roots used 
to reduce excessive menstrual flow. Leaves are also applied to ulcers and skin sores in hemorrhages. The whole 
plant is used in Chinese medicine to treat rheumatic fever, infant convulsions, toothache, and also to dissolve 
internal blood clots, and to aid digestion. The international union for conservation of natural and national resource 
has a long time ago listed Phyllodium pulchellum (L.) Desv., as a threatened species (Lopez, 2012). Some attempts 
were made recently for relative’s species for invitro regeneration and conservation of plants (Thandar and Tun, 
2015). The plant has been shown to ethanolic extract of barks may contribute to the reduction of blood glucose 
levels and can be useful in the management of diabetes (Noor et al., 2013). The methanolic extract of the leaves of 
Desmodium pulchellum, were a biological active ingredient that are active for anti-diarrheal actions (Rahman et 
al., 2013). The ethanolic extract of D. gangeticum can be used as a source of natural antioxidants with could serve 
as free radical inhibitors, scavengers or primary antioxidants (Venkatachalam and Muthukrishnan, 2012). 
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However, protocol for in vitro conservation of P. pulchellum has not yet been established and as such the present work was 
undertaken to study effects of culture media composition and temperature/light conditions on in vitro propagation and 
slow-growth conservation. 

MATERIALS AND METHODS 

Collection of Plant Materials 

Shoot tip and nodal part of Phyllodium pulchellum were collected from the Jambhuthu hamlet is situated at Boda 
hill of Namakkal District, Tamil Nadu, India and identified in Botanical survey of India, Southern regional centre under the 
Voucher specimen number: BSI/SRC/5/23/2012-13/Tech-1795 & Serial No. 2. 

Explant Source and Sterilization 

The shoot tip and node of P. pulchellum were used as expaints. These explants were washed first under running 
tap water for 30 minutes, then treated with 0.1% (V/V) aqueous solution of Tween-20 (Hi-media, Mumbai) for 15 min, 
followed by 5 to 6 washes with distilled water thoroughly. Explants were surface sterilized with bavistin 5% for 5 minutes 
to remove the fungal contamination. Then they were rinsed in autoclaved sterile distilled water twice or thrice and were 
then taken to the laminar air flow chamber where they were surface sterilized with 0.1% HgCB for 3-5 minutes. They were 
again washed twice or thrice using sterile distilled water. After repeated rinsing (five times) with distilled water, the 
explants were ready to inoculate on the culture media. The surface-sterilized explants were aseptically cut into 1-2 cm 
segments and were carefully inoculated onto the MS culture media (Murashige and Skoog, 1962). 

Culture Media and Culture Conditions 

The culture media consisted of MS basal constituents, supplemented with different concentration BAP, Kn and 
IAA. The media were supplemented with 3% sucrose and 0.8% agar was used as the gelling agent. The pH was adjusted 
with a pH meter at 5.7 adjustment was done with 0.1 N HCI and 0.1 N NaOH and autoclaved at 121°C, 15 lb pressure for 
45 min. The cultures were maintained at 25 + 2°C, 16/8 hr (light/dark) photoperiod with a light intensity of 1500 lux at 
relative humidity (RH) of 60 - 70%. 

Statistical Analysis 

Total number of explants taken for observation 35 (each treatment consists of at least 7 explants and the 
experiments were repeated three times). Data were statistically analyzed, using SPSS Statistical Software package (Ver. 
16.0). The mean comparisons were carried out by DMRT at a probability level of 5% (p<0.05). 

RESULTS 

Direct Regeneration 

For direct regeneration of Phyllodium pulchellum shoot tip and node explants were used. Various plant growth 
regulators were used along with MS media, from that, BAP and IAA only give a high amount of response in multiple shoot 
induction, NAA only induced a high range of root formation. 

Shoot Tip Explants 

Studies were carried out to produce plantlets form shoot tip explants through direct organogenesis without 
intervention of callus. The results obtained are given in Table 1. BAP was used in concentration ranging from (0.5, 1.0, 
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1.5, 2.0 and 2.5 mg/1), with IAA concentration (0.5 mg/1) and KN concentration ranging from (0.5, 1.0, 1.5, 2.0 and 2.5 
mg/1), with IAA concentration (0.5 mg/1). Maximum response and maximum number of shoots per explants were observed 
in 1.5 mg/1 of BAP combination with 0.5 mg/1 of IAA (4.30+0.40) was relatively minimum effective in which, number of 
shoot in BAP of 2.5 mg/1 (0.93+0.25). The frequency of culture response was 62.85 and the mean shoots produced also 
high in 1.5 mg/1 of BAP and 0.5 mg/1 of IAA combination (Table 1 and Figure 1) and the various stages in the production 
of plantlets by direct organogenesis. 

Nodal Explants 

Direct organogenesis was also carried with nodal explants of P. pulchellum. The observations are given in Tables 
2 and Figure 2. BAP, KN and IAA were used for direct organogenesis. The concentration ranging from BAP (0.5-2.5 
mg/1), KN (0.5-2.5 mg/1) along with IAA (0.5 mg/1). Maximum response and maximum number of shoots per explants 
were observed in 1.5 mg/1 of BAP combination with 0.5 mg/1 of IAA (4.06+0.31) was relatively minimum effective in 
which, number of shoot in KN of 2.5 mg/1 (0.96+0.21). More or less the pattern of response was similar to the shoot tip 
explants. However the frequency of culture response was 77.14 and the mean shoots produced also high in 1.5 mg/1 of 
BAP and 0.5 mg/1 of IAA combination. Comparison of shoot tip explants and nodal explants reveals that the nodal explants 
are relatively superior both in terms of percentage of response and number of shoots is produced from the explants. 

ROOT INDUCTION FROM DIRECT REGENERATION 

Auxins played multifarious role in rhizogenesis, which included division of meristematic cells, their elongation 
and differentiation into root primordial. The number of roots produced per shoot, root length and thickness varied with the 
concentration of auxin used in the medium. Root induction was carried out in well elongated shoots developed from nodal 
explants in vitro regeneration and culturing them on MS with 0.25 - 1.25 mg/1 of NAA and IB A. In the present study, 
NAA (0.75 mg/1) was found to e most effective for rooting. Maximum number of root (4.50+0.36) were produced in 0.75 
mg/1 of NAA and mean root length was found to be 2.76+0.15 cm. Maximum number of roots (3.53+0.35) was produced 
in 1.0 mg/1 of IB A and mean root length was 2.63+0.15 cm. best results of rooting were observed on the MS media 
supplemented with 0.75 mg/1 of NAA with percentage of root induction in 66.33+3.78 (Table 3). 

DISCUSSIONS 

Earlier reports indicate that the superiority of BAP over other cytokines in shoot induction of Dysolobium pilosum 
shoot tip explants (Kalva el al., 2015) and Cassia angustifolia regeneration via direct organogenesis is still BAP, KN and 
IAA (Iram et al., 2015). Similar observation was made in Andrographis paniculata (Purkayastha el al., 2008) and the 
efficiency of BA in multiple shoot induction in several aromatic and medicinal plants such as Ocimum basilicum (Sahoo et 
al., 1997), Withania somnifera (Sen and Sharma, 1991) and Hippophae rehnoides (Purohit et al., 2009). This was in 
consistent with other studies where BAP and IAA promoted the proliferation and multiplication of the shoots in number of 
plants (Randive, 2013; Remya et al., 2013; Skala et al., 2014). 

Shoot multiplication of nodal segments of Phyllodium pulchellum was observed in present study, shoots were 
developed in MS medium with BAP and IAA. The results were obtained resembling to the shoot tip explants. Highest 
mean shoots was absorbed on 1.5 mg/1 of BAP combination with 0.5 mg/1 of IAA. Similar results were reported in 
Pterocarpus marsupium Roxb. axillary shoot proliferation on Murashige and Skoog’s (MS) basal medium fortified with 
BAP (6-benzylaminopurine) and kinetin (Kn) singly or in combinations with auxins at different concentrations (Jaiswal et 
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al., 2015). The role of BAP in multiple shoot production through direct organogenesis and the combination of BAP and 
KN found to be effective in Sarcostemma brevistigma previously reported by Thomas and Shankar (2009). In vitro 
organogenesis was achieved through direct organogenesis on MS containing of BAP at 0.25 mg 1-1 and NAA at 0.05 mg 1- 
1 has been effective on shoot regeneration of Lathyrus chrysanthus Boiss. (Telci, 2012). Same results were reported that 
the genus Desmodium gangeticum (Vishwakarma et al., 2009) Effectiveness of BAP in shoot regeneration from 
cotyledonary nodes has been reported in several other species of leguminaceae e.g. Dalbergia tatifotia Roxb. (Pradhan et 
al, 1998), Arachis hypogea L. (Venkatachalam et al, 1999, Vigna mungo (L.) Hepper (Ignacimuthu et al., 1997) and 
Acacia nitotica subsp. indica Brenan (Dewan et al., 1992). This result is contrasting with reports on leguminous species 
Dalbergia sissoo Roxb. and Macrotyloma uniflorum (Arya et al., 2013; Bisht et al., 2013) where BAP gave maximum 
shoot proliferation. The protocol employed in the present study for in vitro shoot induction of Phyllodium pulchellum, an 
important plant species from Boda malai, Tamil Nadu can be useful for conservation of the endemic plants. 

CONCLUSIONS 

This is the first report describing a protocol for organogenesis of Phyllodium pulchellum. It is concluded that 
direct in vitro protocol was developed for P. pulchellum which could be able to produce a large number of plant lets. The 
highest degree of shoot induction was found on MS basal medium with BAP + IAA medium combination in the respective 
explants were found to be best. The organogenesis and plant regeneration system developed in this study could be utilized 
in future for secondary metabolites production experiments. 
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APPENDICES 


Table 1: Influence of Different Concentration of Either Cytokinin (BAP and KN) 
Alone or in Combination with Auxin (IAA) on Direct Shoot Regeneration From 
Shoot Tip Explants of Pliyllodium Pulchellum 


Hormone Concentration 
mg/1 (pg) 

No of 
Explants 
Cultured 

No. of 
Explants 
Responded 

Frequency 
of Culture 
Response 

No. of 

Shoot/Explants 
Mean ±SD 

BAP 


0.5 (0.11) 

35 

11 

31.42 

1.33+0.15 hlJ 

1.0 (0.22) 

35 

15 

42.85 

2.06+0.25 de 

1.5 (0.34) 

35 

18 

51.42 

3.06+0.25 b 

2.0 (0.45) 

35 

12 

34.28 

1.80+0.20 efg 

2.5 (0.56) 

35 

9 

25.71 

0.93+0.25 jk 

KN 


0.5 (0.11) 

35 

8 

22.85 

1.00+0.20> k 

1.0 (0.22) 

35 

10 

28.57 

1.73+0.20 etgh 

1.5 (0.32) 

35 

13 

37.14 

2.13+0.15 cde 

2.0 (0.43) 

35 

9 

25.71 

1.20+0.20 ,jk 

2.5 (0.53) 

35 

6 

17.14 

0.86+0.15 k 

BAP+IAA 


0.5 (0.11) 

0.5 (0.08) 

35 

15 

42.85 

2.53+0.30° 

1.0 (0.22) 

0.5 (0.08) 

35 

18 

51.42 

3.33+0.20 b 

1.5 (0.34) 

0.5 (0.08) 

35 

22 

62.85 

4.30+0.40“ 

2.0 (0.45) 

0.5 (0.08) 

35 

17 

48.57 

3.28+0.38 b 

2.5 (0.56) 

0.5 (0.08) 

35 

12 

34.28 

2.47+0.33 cd 

KN+IAA 


0.5 (0.11) 

0.5 (0.08) 

35 

8 

22.85 

1.45+0.24 ghl 

1.0 (0.22) 

0.5 (0.08) 

35 

11 

31.42 

1.90+0.1 l ef 

1.5 (0.32) 

0.5 (0.08) 

35 

17 

48.57 

2.42+0.24 cd 

2.0 (0.43) 

0.5 (0.08) 

35 

13 

37.14 

1.51+0.15 tghl 

2.5 (0.53) 

0.5 (0.08) 

35 

10 

28.57 

1.19+0.09 ,Jk 


• Total number of explants taken for observation = 35 (each treatment consists of at least 7 explants and the 
experiments were repeated three times). 

• Mean values followed by various letters are significantly different from each other at P < 0.05 level comparison 
(DMRT). 


Table 2: Influence of Different Concentration of Either Cytokinin (BAP and KN) 
Alone or in Combination with Auxin (IAA) on Direct Shoot Regeneration From 
Nodal Explants of Pliyllodium Pulchellum 


Hormone Concentration 
mg/1 (pg) 

No of 
Explants 
Cultured 

No. of 
Explants 
Responded 

Frequency 
of Culture 
Response 

No. of 

Shoot/Explants 
Mean ±SD 

I 

5AP 

0.5 (0.11) 

35 

13 

37.14 

1.45+0.07 gh 

1.0 (0.22) 

35 

17 

48.57 

2.32+0.47 d 

1.5 (0.34) 

35 

20 

57.14 

3.21+0.32 b 

2.0 (0.45) 

35 

15 

42.85 

1.64+0.08 fg 

2.5 (0.56) 

35 

11 

31.42 

1.39+0.13 gh 

KN 


0.5 (0.11) 

35 

10 

28.57 

1.09+0.2 l hl 

1.0 (0.22) 

35 

13 

37.14 

1.65+0.18* g 

1.5 (0.32) 

35 

15 

42.85 

2.00+0.92 det 
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2.0 (0.43) 

35 

11 

31.42 

1.63+0.04* 8 

2.5 (0.53) 

35 

9 

25.71 

0.96+0.21 1 

BAP+IAA 


0.5 (0.11) 

0.5 (0.08) 

35 

17 

48.57 

2.84+0.08° 

1.0(0.22) 

0.5 (0.08) 

35 

23 

65.71 

3.25+0.10 b 

1.5 (0.34) 

0.5 (0.08) 

35 

27 

77.14 

4.06+0.3 r 

2.0 (0.45) 

0.5 (0.08) 

35 

22 

62.85 

3.30+0.14 b 

2.5 (0.56) 

0.5 (0.08) 

35 

15 

42.85 

2.73+0.24° 

KN+IAA 


0.5 (0.11) 

0.5 (0.08) 

35 

11 

31.42 

1.65+0.08 tg 

1.0(0.22) 

0.5 (0.08) 

35 

13 

37.14 

2.06+0.14 de 

1.5 (0.32) 

0.5 (0.08) 

35 

23 

65.71 

2.97+0.24 b ° 

2.0 (0.43) 

0.5 (0.08) 

35 

15 

42.85 

1.94+0.1 l et 

2.5 (0.53) 

0.5 (0.08) 

35 

12 

34.28 

1.34+0.15 gh 


• Total number of explants taken for observation = 35 (each treatment consists of at least 7 explants and the 
experiments were repeated three times). 


• Mean values followed by various letters are significantly different from each other at P < 0.05 level comparison 
(DMRT). 

Table 3: Effect of Growth Regulator on Root Induction of Phyllodium Pulchellum L. Desv 


Growth 

Regulators (mg/1) 

Percentage of 
Root Inducted 
Mean±SD 

No. of 

Roots/Shoots 

Mean±SD 

Root Length 
(cm) 

Mean±SD 

NA/ 


0.25 

35.66+1.52° 

2.36+0.11“ 

0.60+0.20° 

0.50 

48.33+3.05° 

3.46+0.35 b 

1.76+0.15 b ° 

0.75 

66.33+3.78“ 

4.50+0.36“ 

2.76+0.15“ 

1.0 

40.66+2.08“° 

3.23+0.32 b 

1.43+0.20°“ 

1.25 

29.00+2.00* 

2.30+0.26“ 

0.56+0.25° 

IB A 


0.25 

26.33+2.51* 

1.73+0.20° 

0.33+0.15° 

0.50 

35.66+3.51° 

2.30+0.17“ 

1.13+0.20“ 

0.75 

43.00+2.64 d 

2.93+0.15° 

2.03+0.20 b 

1.0 

55.66+3.51 b 

3.53+0.35 b 

2.63+0.15“ 

1.25 

25.00+3.60* 

2.23+0.20“ 

1.33+0.41“ 


Mean values followed by various letters are significantly different from each other at 
P < 0.05 level comparison (DMRT). 
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Direct Organogenesis from Nodal Explant of Phvllodium pulchellum 



A) & B) Shoot initiation from nodal explants on MS medium + 1.5 mg/I 
of BAP combination with 0.5 mg/I of I A A. 

C) Shoot induction on MS + BAP 1.5 mg/1 + L4.A 0.5 mg/I. 

D) Shoot elongation a rooting on MS Medium with ft 75 mg/I of NAA. 


A) & B) Shoot initiation from shoot tip explants on MS medium + 1.5 mg/I 
of BAP combination with 0.5 mg/I of IAA. 

C) Shoot induction on MS + BAP 1.5 mg/I + IAA 0.5 mg/I. 

D) Shoot elongation a rooting on MS Medium with ft 75 mg/I of NAA. 


Figure 1 


Figure 2 
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